INTRODUCTION
The immunomodulatory properties of plant-derived cannabinoids have been widely established [1] . The most extensively characterized cannabinoid, ⌬ 9 -tetrahydrocannabinol (⌬ 9 -THC), exhibits a broad range of immunomodulatory activity, including direct effects on T cell function, as evidenced by altered, mitogeninduced cell proliferation, suppressed accessory cell function in T cell-dependent antibody responses, and altered production of several T cell-derived cytokines [2] [3] [4] [5] . Although widely studied, the specific mechanism responsible for altered T cell function by cannabinoids remains poorly understood. Recent investigations focusing specifically on cannabinoid-mediated changes in signaling events associated with T cell activation have demonstrated a strong correlation between cannabinoidmediated modulation of interleukin (IL)-2 expression and reciprocal changes in DNA binding and reporter gene activity of the transcription factor, nuclear factor of activated T cells (NFAT) [6 -8] , which is an essential regulator of a number of T cell-derived cytokines including IL-2 [9] . NFAT activation and subsequent nuclear translocation are under the control of the calcium-dependent phosphatase, calcineurin, whose activity is initiated by a rapid rise in intracellular calcium concentration ([Ca 2ϩ ] i ), which is induced almost immediately upon engagement of the T cell antigen receptor [9] . The rise in [Ca 2ϩ ] i after stimulation of the T cell receptor occurs in two distinct phases. The first phase is characterized by a rapid but modest rise in [Ca 2ϩ ] i as a result of the release of intracellular stored calcium [10] . The second phase is triggered by the release of stored calcium, is significantly greater in magnitude and duration than the rise in calcium produced from the release of [Ca 2ϩ ] i stores, and is a result of the influx of extracellular calcium through the opening of calcium release-activated calcium channels [10] . Conversely, an elevation of [Ca 2ϩ ] i before activation of the T cell renders it anergic [11] [12] [13] [14] [15] .
Many of the biological effects produced by cannabinoids have been reported to occur through cannabinoid receptors, of which there are two types, CB1 and CB2 [16 -18] , which belong to the G protein-coupled receptor superfamily. CB1, also termed the central cannabinoid receptor, is primarily responsible for cannabinoid-mediated effects on the central nervous system (CNS) but is also expressed widely outside the nervous system [19] . CB2, termed the peripheral cannabinoid receptor, was originally described within the immune system and is believed not to be expressed within the CNS or if so, at very low levels [1] . The CB2 receptor, in particular, is thought to be involved in cannabinoid-mediated immune modulation as a result of its markedly higher mRNA expression in leukocytes than CB1 [19 -21] ; however, a rigorous characterization of CB1 and CB2 expression at the protein level for these receptors has not yet been performed in leukocytes. In addition, the specific role of CB1 and CB2 in cannabinoid-mediated immune modulation has remained controversial due to the fact that both receptors are expressed in primary leukocytes, the absence of widely available CB1-and CB2-selective agonists, and the recent identification of CB1/CB2-independent effects, which have complicated the interpretation of results using CB1 and CB2 receptor antagonists. In light of our previous findings demonstrating altered NFAT regulation in activated T cells, coupled with a past report of altered calcium regulation in ⌬ 9 -THC-treated leukocytes [22] , the objective of the present investigation was to characterize the putative role of the cannabinoid receptors in the regulation of [Ca 2ϩ ] i by ⌬ 9 -THC in resting T lymphocytes. The rationale for studying the effect of ⌬ 9 -THC on calcium regulation in resting T cells was to examine whether ⌬ 9 -THC independently exerts effects on [Ca 2ϩ ] i , in the absence of the confounding factor of T cell activationassociated rise in [Ca 2ϩ ] i . The present studies show that ⌬ 9 -THC increases [Ca 2ϩ ] i in primary murine T cells and a human T cell line in a CB1-and CB2-dependent manner.
MATERIALS AND METHODS

Cannabinoid compounds and antagonists
SR144528, SR141716A, CP55,940, and ⌬ 9 -THC were provided by the National Institute on Drug Abuse (Bethesda, MD).
Animals
Pathogen-free, female B6C3F1 mice, 6 weeks of age, were purchased from Charles River Breeding (Portage, MI). On arrival, mice were randomized, transferred to plastic cages containing sawdust bedding (five animals/cage), and quarantined for 1 week. Mice were given food (Purina-certified laboratory chow) and water ad lib. Mice were not used for experimentation until their body weight was 17-20 g. Animal holding-rooms were maintained at 21-24°C and 40 -60% relative humidity with a 12-h light/dark cycle. All studies were performed in compliance with the Michigan State University All-University Committee on Animal Use and Care (East Lansing).
Cell lines
Dr. Jeffrey A. Ledbetter (Pacific Northwest Research Institute, Seattle, WA) generously provided the human peripheral blood acute lymphoid leukemia (HPB-ALL) cell line. The human T cell leukemia line, Jurkat E6-1 clone, was obtained from the American Type Culture Collection (Manassas, VA; TIB 152). Both cell lines were cultured in RPMI-1640 medium, supplemented with 100 units penicillin/ml, 100 units streptomycin/ml, 10% bovine calf serum (Hyclone, Logan, UT), 100 mM nonessential amino acids (Gibco-BRL, Grand Island, NY), and 1 mM sodium pyruvate (Gibco-BRL).
T cell isolations
T cell isolations were performed as previously reported [21] . Briefly, splenocytes from naïve mice were depleted of red blood cells by lysis using Gey's balanced salt solution. The recovered cells were resuspended in 1ϫ column wash buffer at a concentration of 1.5 ϫ 10 8 cells/ml and transferred in 2-ml aliquots onto T cell enrichment columns (R&D Systems, Minneapolis, MN) and incubated for 10 min at room temperature. Purification of T cells by T cell enrichment columns was through negative selection. The collected cells were then loaded with fura-2-AM dye for calcium determinations. This method routinely yields Ͼ95% pure T cells, as established by flow cytometry. 
Calcium determination
Reverse transcriptase-polymerase chain reaction (RT-PCR)
Total RNA from HPB-ALL or Jurkat E6-1 cells was isolated using Tri-Reagent (Sigma Chemical Co.). Isolated RNA samples were confirmed to be free of DNA contamination by the absence of product after PCR amplification in the absence of RT. RT-PCR was performed as described previously [6] . Briefly, 100 ng total RNA from HPB-ALL and Jurkat E6-1 cells was used. The PCR master mixture consisted of PCR buffer, 2.5 mM MgCl 2 , 1.25 units of Taq DNA polymerase, and 6 pmol forward and reverse primers for CB1 or CB2. Samples were heated to 94°C for 4 min and cycled 40 times at 94°C for 30 s, 57°C for 30 s, and 72°C for 1 min, after which an additional extension step of 72°C for 5 min was included. The primer sequences from 5Ј to 3Ј for CB1 were: GGCTGGAACTGCGAGAAACT (forward) and TGATCAACACCACCAG-GATCA (reverse). The primer sequences from 5Ј to 3Ј for CB2 were: TC-CCAGGCACCTAGACACG (forward) and TGGTCTCTGGAGGATGCAGG (reverse). PCR products were resolved in a 3% NuSieve 3:1 agarose gel (FMC Bioproducts, Rockland, ME) and visualized with ethidium bromide staining. The CB1 primers produced a 301-bp amplicon, and the CB2 primers produced a 203-bp amplicon.
Sequencing
Total RNA from HPB-ALL or Jurkat E6-1 cells was isolated using Tri-Reagent (Sigma Chemical Co.). CB2 cDNA was obtained by reverse transcription with 5 g isolated, total RNA using PowerScript™ RT (BD Biosciences, Palo Alto, CA) and amplified by PCR using the Advantage-HF 2 PCR kit (BD Biosciences) as per the manufacturer's instructions. Briefly, samples were heated to 94°C for 5 min and cycled 40 times at 94°C for 30 s, 60°C for 30 s, and 72°C for 90 s, after which an additional extension step of 72°C for 5 min was included. The PCR primers contained cleavage sites for restriction endonucleases BamHI and HindIII within the forward and reverse primers, respectively. The sequences for PCR primers from 5Ј to 3Ј were: CTGAAGGATCCAC-CCCATGGAGGAATGCTGGGTGAC (forward) and CCTCTCAAGCTTC-CAGGGAGTGAACTGATTTCTGACTTGAG (reverse). The PCR products were then cloned into pCMV-Tag-1 (Stratagene, La Jolla, CA) and sequenced with T3 and T7 primers using an ABI PRISM 3100 genetic analyzer at the Michigan State University Macromolecular Structure, Sequencing, and Synthesis Facility (East Lansing). The sequences for the T3 and T7 primers, respectively, from 5Ј to 3Ј were as follows: AATTAACCCTCACTAAAGGG and GTAATACGACTCACTATAGGGC. ] i determination, neither compound resulted in toxicity to the cells as measured by trypan blue exclusion (data not shown).
RESULTS
Effect of ⌬
To confirm that the effect of ⌬ 9 -THC on [Ca 2ϩ ] i was not unique to murine T cells and to ascertain the putative involvement of the CB2 receptor, HPB-ALL and Jurkat E6-1 human T cell lines were also used. As with the purified splenic T cells, treatment of HPB-ALL cells with ⌬ 9 -THC (10 M) but not CP55,940 (10 M) led to a robust elevation of [Ca 2ϩ ] i but at concentrations greater than or equal to 7.5 M (Fig. 1B) The primary mechanism of calcium entry into nonexcitable cells is through capacitative calcium entry, which involves sequential release of [Ca 2ϩ ] i pools followed by an influx of extracellular calcium through store-operated calcium channels [23] . To determine if the ⌬ 9 -THC-mediated rise in [Ca 2ϩ ] i involved an influx of extracellular calcium, calcium measurements were performed in the presence or absence of extracellular calcium in splenic T cells as well as in HPB-ALL cells. The results showed that absence of extracellular calcium severely attenuated (Ͼ90%) the ⌬ 9 -THC-mediated [Ca 2ϩ ] i elevation, as compared with control conditions in the presence of extracellular calcium in splenic T cells (Fig. 3A) and HPB-ALL cells (Fig. 3B) . In the absence of extracellular calcium, ⌬ 9 -THC induced only a small, delayed rise in [Ca 2ϩ ] i . In fact, the response in splenic T cells and HPB-ALL cells to ⌬ 9 -THC was remarkably similar in the absence of extracellular calcium.
Characterization of the CB1 and CB2 receptors in the HPB-ALL and Jurkat E6-1 cells
This laboratory has previously reported the absence of transcripts for CB1 and presence of CB2 receptor transcripts in the HPB-ALL and Jurkat E6-1 cells by Northern analysis [21] . Presently, the expression of CB1 and CB2 was further characterized by RT-PCR, a significantly more sensitive method. CB1 mRNA expression was not detected by RT-PCR in either of the two cell lines (data not shown). Conversely, a single, predicted, 203-bp amplicon for CB2 was produced by RT-PCR from RNA derived from both cell lines (Fig. 4) , which was not detected in the absence of RT (data not shown). Previous results from this laboratory have also suggested that the CB2 receptor in the Jurkat E6-1 cells was dysfunctional [21] . To elucidate whether the dysfunctionality of the CB2 receptor in the Jurkat E6-1 cells was a result of putative mutations in the CB2 gene, CB2 cDNA was sequenced from HPB-ALL and Jurkat E6-1 cells. Results showed that the CB2 coding sequence was 100% homologous between the two cells lines and 99.4% homologous as compared with the previously reported coding sequence for human CB2 (GenBank accession no. XM086356).
Antagonism of ⌬
9
-THC-mediated rise in [Ca 2ϩ ] i by cannabinoid receptor antagonists
The role of the cannabinoid receptors in the ⌬ 9 -THC-mediated elevation in [Ca 2ϩ ] i was examined with the use of the cannabinoid receptor antagonists SR141716A and SR144528. In light of previous findings showing that CB1 and CB2 receptor transcripts are expressed in mouse splenocytes [6, 21] , CB1 and CB2 receptor antagonists were used individually or in combination in studies with splenic T cells. The antagonists by themselves had no effect on [Ca 2ϩ ] i . However, pretreatment of splenic T cells with SR141716A and SR144528 (1.0 M each), individually or in combination, for 300 s followed by 10 M ⌬ 9 -THC treatment showed a marked attenuation of a ⌬ 9 -THC-mediated rise in [Ca 2ϩ ] i (Fig. 5) . It is interesting that the magnitude of the attenuation in the (Table 1A) . This effect of SR144528 was concentration-responsive and inhibited the ⌬ 9 -THC-mediated rise in [Ca 2ϩ ] i at concentrations as low as 0.1 M. At higher concentrations (2.5 M), SR144528 completely reversed the effect of ⌬ 9 -THC on [Ca 2ϩ ] i . Of interest is the observation that the CB1 receptor antagonist, SR141716A, had no effect on [Ca 2ϩ ] i in the absence of CB1 expression at concentrations below 2.5 M (Table 1B) , as demonstrated in the CB2 expressing HPB-ALL cells. Additionally, in the dysfunctional CB2 receptor expressing Jurkat E6-1 cells, pretreatment even with high concentrations of SR144528 (5 M) had no effect on [Ca 2ϩ ] i elevation induced by 10 M ⌬ 9 -THC (Table 1C) . cells/ml) were loaded with fura-2-AM dye for 30 min at 37°C in the dark. Cells were harvested and washed three times in Ca 2ϩ -KREB buffer to remove excess fura-2-AM dye from the buffer. A 3-ml aliquot of cells was added into a quartz cuvette, and calcium concentration was determined. ⌬ 9 -THC, CP55,940 (CP), and/or 0.1% ethanol vehicle (VH) were injected using a glass syringe to the cuvette at 300 s, and the increase in [Ca 2ϩ ] i was measured for 1800 s total. Maximum and minimum values were obtained with 0.1% Triton-X at 1600 s and 0.5 mM EGTA at 1700 s, respectively. [Ca 2ϩ ] i concentration was calculated from the changes in the ratio of bound to free calcium. The results are presented as mean Ϯ SEM of three independent experiments along with a representative graph of calcium traces.
To ascertain that the cannabinoid receptor antagonists did not attenuate calcium responses by acting as calcium channel blockers, an elevation in [Ca 2ϩ ] i was induced by thapsigargin in the presence and absence of SR144528 and/or SR141716A.
Specifically, [Ca 2ϩ ] i measurements were performed by first pretreating HPB-ALL cells with SR144528 and/or SR141716A for 300 s followed by treatment with thapsigargin (1 M). As expected, in control experiments performed in the absence of Fig. 2. CP55,940 Finally, calcium measurements were also performed with SR144528 in the absence of extracellular calcium to investigate whether the small and modest rise in [Ca 2ϩ ] i elicited by 10 M ⌬ 9 -THC in HPB-ALL cells was attributable to a CB2 receptor-dependent mechanism. Pretreatment of HPB-ALL cells with 5 M SR144528 for 300 s followed by 10 M ⌬ 9 -THC treatment showed a significant attenuation in the ⌬ 9 -THC-mediated rise in [Ca 2ϩ ] i (Fig. 6) .
No attenuation of ⌬ (Table 1D) .
DISCUSSION
Recent studies investigating the effects of cannabinoids on T cell activation and IL-2 gene expression identified alterations in NFAT DNA binding and transcriptional activity [6 -8] . The regulation of NFAT is critically dependent on a marked and sustained elevation in [Ca 2ϩ ] i induced by ligation of the T cell receptor, which leads to NFAT dephosphorylation and nuclear translocation [9] . This critical role that [Ca 2ϩ ] i plays in the regulation of NFAT during T cell activation prompted a comprehensive investigation of the effects of ⌬ 9 -THC on [Ca 2ϩ ] i in resting T cells. Our initial characterization shows that ⌬ 9 -THC produced a rapid and robust rise in [Ca 2ϩ ] i in purified, murine, splenic T cells through CB1 and CB2 receptors and in the human T cell line, HPB-ALL, through CB2 receptors, independently of G␣ i /G␣ o , as evidenced by the absence of sensitivity to pertussis toxin treatment. In the absence of extracellular calcium, ⌬ 9 -THC led to a small rise in [Ca 2ϩ ] i , which was significantly delayed and of a much smaller magnitude than in the presence of extracellular calcium, likely indicating an influx of residual calcium remaining in the calcium-free buffer. Furthermore, the small rise in [Ca 2ϩ ] i elicited by ⌬ 9 -THC in Fig. 4 . RT-PCR analysis of CB2 in HPB-ALL and Jurkat E6-1 cells. Total RNA was isolated from HPB-ALL and Jurkat E6-1 cells. Three separate RNA isolates were assayed for expression of CB2 mRNA transcripts by RT-PCR. The RNA samples were confirmed to be free of DNA contamination by the absence of product after PCR amplification in the absence of RT. RNA (100 ng) was reverse-transcribed and amplified using 40 cycles (conditions described in Materials and Methods). The results are representative of three independent experiments. ] i in murine splenic T cells. Purified, murine, splenic T cells (5ϫ10 6 cells/ml) were washed twice in Ca 2ϩ -KREB buffer and loaded with fura-2-AM dye for 30 min at 37°C in the dark, harvested, and washed as described in the legend for Figure 1 . SR144528 and SR141716A and/or 0.1% dimethylsulfoxide (DMSO) vehicle were added directly to the cuvette just before beginning calcium measurements. ⌬ 9 -THC and/or 0.1% ethanol vehicle (VH) were injected using a glass syringe to the cuvette at 300 s, and the increase in [Ca 2ϩ ] i was measured for 1800 s total. [Ca 2ϩ ] i concentration was calculated as described in the legend for Figure 1 ] i . It is interesting that in purified, splenic T cells, SR141716A and SR144528, individually, were equally effective in attenuating the ⌬ 9 -THC-mediated rise in [Ca 2ϩ ] i but were not markedly more effective when used in combination. Although it is possible that SR141716A at 1 M may exhibit some cross-reactivity with CB2, as we have observed at very high SR141716A concentrations (5-10 M), it is unlikely here, as 1 M SR141716A alone had no effect on the ⌬ 9 -THCmediated rise in [Ca 2ϩ ] i in the CB2-only expressing HPB-ALL cells but significantly attenuated [Ca 2ϩ ] i elevation in the murine splenic T cells. Furthermore, SR144528 and SR141716A were incapable of attenuating thapsigargin-induced elevation in [Ca 2ϩ ] i in HPB-ALL cells, demonstrating that neither of the cannabinoid receptor antagonists act as calcium-channel blockers in the T cell preparation. Collectively, these results suggest that CB1 and CB2 are equally capable of mediating the rise in [Ca 2ϩ ] i induced by ⌬ 9 -THC in T lymphocytes. It is noteworthy that cannabinoid-mediated effects have previously been shown to be modulated by CB1 and CB2 receptors in a nonadditive manner [26] . Additional evidence supporting the involvement of cannabinoid receptors in the ⌬ 9 -THC-mediated rise in [Ca 2ϩ ] i comes from experiments using Jurkat E6-1 cells, which have previously been suggested to express dysfunctional CB2 receptors [21] . In the present investigation, ⌬ 9 -THC treatment of Jurkat E6-1 cells induced a very modest rise in [Ca 2ϩ ] i cells/ml), which were washed twice in Ca 2ϩ -KREB buffer and loaded with fura-2-AM dye for 30 min at 37°C in the dark, harvested, and washed as described in the legend for Figure 1 . Cells were then resuspended in Ca 2ϩ -free-KREB buffer, and SR144528 and/or 0.1% DMSO vehicle were added directly to the cuvette just before beginning calcium measurements. ⌬ 9 -THC and/or 0.1% ethanol vehicle (VH) were injected using a glass syringe to the cuvette at 300 s, and the increase in [Ca 2ϩ ] i was measured for 1800 s total. Results are presented as mean change Ϯ SEM in the 340 nm/380 nm fluorescence ratio of [Ca 2ϩ ] i from base to peak of two independent experiments along with a representative graph of calcium traces. as compared with HPB-ALL cells and primary murine splenic T cells, which were not significantly attenuated by SR144528 treatment. Sequencing the full-length, CB2-translated region revealed 100% homology between Jurkat E6-1 and HPB-ALL cells, indicating that the absence of CB2 function in Jurkat E6-1 cells is not a result of differences in the coding sequence of the CB2 receptor. Nevertheless, the studies clearly show that Jurkat E6-1 cells exhibit only a small elevation in [Ca 2ϩ ] i in response to ⌬ 9 -THC treatment, which is insensitive to SR144528, further implicating the involvement of the CB2 receptor in the ⌬ 9 -THC-mediated rise in [Ca 2ϩ ] i in T cells. With respect to the mechanism for [Ca 2ϩ ] i elevation by cannabinoids in resting T cells, several important insights beyond the involvement of cannabinoid receptors can be gleaned from the present investigation. Perhaps most importantly, in the absence of extracellular calcium, ⌬ 9 -THC induced a small and delayed rise in [Ca 2ϩ ] i in HPB-ALL cells, which was attenuated by SR144528, an observation that has two implications. The first is that the rise in [Ca 2ϩ ] i induced by ⌬ 9 -THC under normal extracellular calcium concentrations is, not surprisingly, a result of the entry of extracellular calcium. The second implication is that ⌬ 9 -THC acts in a cannabinoid receptor-dependent manner to induce a calcium influx putatively via the activation of calcium channels, independently of pertussis toxin-sensitive G proteins, which to our knowledge, has not been previously reported in T cells. In the present study, ⌬ 9 -THC elicited only a small elevation in [Ca 2ϩ ] i in the absence of extracellular calcium, which was considerably delayed, as compared with control conditions where extracellular calcium was present. That delayed onset of the [Ca 2ϩ ] i rise in the absence of extracellular calcium argues against a mechanism of capacitative calcium entry, where the depletion of intracellular stored calcium precedes extracellular calcium influx. Lastly, our studies rule out G␣ i /G␣ o involvement in the elevation of [Ca 2ϩ ] i by ⌬ 9 -THC, based on the lack of sensitivity to pertussis toxin. Although historically, CB1 and CB2 have been predominately found to transduce signals through activation of pertussis toxin-sensitive G␣ i /G␣ o , more recently, CB1 has also been found to activate pertussis toxin-insensitive G␣ s [27, 28] . It is presently unclear whether CB2 can also activate G␣ s and whether the ⌬ 9 -THC-induced elevation in [Ca 2ϩ ] i is mediated through G␣ s activation. Recently, our laboratory has reported that cannabinol, another plant-derived cannabinoid, induced an elevation in [Ca 2ϩ ] i in murine splenocytes and thymocytes, which was antagonized by SR144528 and/or SR141716A [15] , indicating that the ability of cannabinoids to induce an elevation in [Ca 2ϩ ] i via the cannabinoid receptors is not unique to ⌬ 9 -THC. However, in comparison with ⌬ 9 -THC, the calcium response elicited by cannabinol was modest.
An intriguing observation in the current investigation was the inability of CP55,940, a high-affinity, nonselective CB1/ CB2 synthetic ligand, to induce a rise in [Ca 2ϩ ] i in HPB-ALL cells or in primary splenic T cells. The observation is significant, as it suggests that discrete signaling cascades can be activated through cannabinoid receptors in a ligand-specific manner. One mechanism by which this could occur is through the differential recruitment of guanosine 5Ј-triphosphate-binding protein subtypes to cannabinoid receptors based on the tertiary structure of the ligand and its physical interaction with the receptor, as recently suggested by Howlett and co-workers [29, 30] . It is equally intriguing that pretreatment of HPB-ALL cells with CP55,940, which has significantly greater binding affinity for CB1 and CB2 than ⌬ 9 -THC, did not attenuate the ⌬ 9 -THC-induced rise in [Ca 2ϩ ] i . Previously, radioligand binding analysis has demonstrated competition between ⌬ 9 -THC and CP55,940 for CB2 binding [31, 32] , suggesting that both ligands interact with common domains within the binding pocket of CB2. Yet, the present, functional results demonstrate that ⌬ 9 -THC activation of CB2 is not influenced by CP55,940. One possible explanation for the apparent discrepancy between previous binding analysis and the calcium response results presented here is that there is more than one site within the cannabinoid receptors through which these ligands can interact. Reggio and co-workers [33] have recently postulated that at least at the CB1 receptor, the alkyl chain of classical, nonclassical, and endocannabinoids may interact with specific residues in a novel interaction site in transmembrane domain 6. In such a scenario, CP55,940 and ⌬
9
-THC may bind to alternative sites within the cannabinoid receptors, thereby eliciting alternative, signaling cascades.
The functional implications of altered [Ca 2ϩ ] i regulation produced by ⌬ 9 -THC in T cells are far-reaching, especially with respect to T cell activation. Yebra and colleagues [22] have previously reported that pretreatment of murine thymocytes with ⌬ 9 -THC suppressed the normal rise in [Ca 2ϩ ] i induced by concanavalin A (Con A) at the level of [Ca 2ϩ ] i release as well as extracellular calcium influx. In fact, [Ca 2ϩ ] i elevation induced by an incomplete activation signal (i.e., no coreceptor stimulation) or produced artificially with calcium ionophores (e.g., ionomycin or A23187) is well-established to render T cells anergic [11] [12] [13] [14] [15] . Our findings suggest that ⌬ 9 -THC interferes with calcium mobilization in resting T cells, such that Con A may not further mobilize [Ca 2ϩ ] i . Collectively, the findings from the present investigation, coupled with the report from Yebra et al. [22] , suggest that one critical aspect to the immunomodulatory effects elicited by ⌬ 9 -THC may be through disruption of [Ca 2ϩ ] i regulation. However, it is equally notable that disruption of [Ca 2ϩ ] i regulation cannot fully account for the entire mechanism of action produced by T cellmodulating cannabinoids, as evidenced by the lack of an effect by CP55,940 on T cell [Ca 2ϩ ] i .
